Gangliosides mediate inhibitory effects of tetanus and botulinum A neurotoxins on exocytosis in chromaffin cells.
Bovine chromaffin cells in monolayer culture were preloaded with 3H-NA (noradrenaline) and subsequently stimulated with carbachol. Botulinum A neurotoxin partially inhibited the evoked release of 3H-NA and the basal efflux of the hormone. The inhibition of evoked release did not exceed 40%, although the cells were exposed to 10 micrograms/ml of toxin for 6 days. The inhibitory effect of botulinum A neurotoxin was neutralized by its antibodies. In contrast to botulinum A neurotoxin, tetanus toxin at even higher concentrations did not influence evoked release. This difference in sensitivity could be explained by the ganglioside pattern of chromaffin cells. Ganglioside GD1a, a putative receptor for botulinum A neurotoxin, could be identified in lipophilic extracts, whereas the tetanus toxin binding gangliosides GT1b and GD1b could not be detected by means of thin-layer chromatography. Treatment of the cells with neuraminidase abolished both, GD1a and the inhibitory effect of botulinum A neurotoxin. Incubation of chromaffin cells with a mixture of gangliosides (21% GM1, 44% GD1a, 15% GD1b, 20% GT1b) not only increased the efficacy of botulinum A neurotoxin but also made the cells sensitive towards tetanus toxin. The concentration-response curve of botulinum A neurotoxin was shifted to the left about five-fold and the maximum inhibition of evoked release was increased up to 60%, even though the cells were exposed to the toxin for 3 days only. In contrast, the maximum inhibition that could be achieved by tetanus toxin was 40%. The results indicate that polysialogangliosides are important for the intracellular accumulation of these clostridial neurotoxins.